Abstract Rain gauge observations are the basis for an analysis of the time-space variability of dry and wet periods during the last fifty years in nine Chinese watersheds. The Standardized Precipitation Index (SPI) is introduced to assess the climatic conditions on a biennial time-scale. To capture the spatial pattern of co-variability principal component analysis (PCA) is applied to the watersheds SPI time series. Results suggest that the index low-frequency variability for watersheds is well described by that of three main areas: regions near the Yellow river, regions nearby the Yangtze River and Huaihe or Zhujiang Basin. Furthermore, the analysis shows that the northern basins from the seventies is experiencing dry conditions more frequently, which is due to the presence of a negative trend in the SPI time series. It is perhaps related to long-term periodicities that characterise the SPI signal (say 24 and 48 year). Together with these long periods there are other ones contributing to the power spectrum variance ranging from 3 up to 9 year. These periodic components in the index time series provide good chances for the long-term predictability of dryness and wetness.
Low frequency variability of the climate system manifests itself in fluctuations of the sea surface temperature over some regions of the oceans [1] and in drought and wetness variability over the continents [1] [2] [3] . Before analyzing sea surface temperature fluctuations affecting drought and wetness over the continents, regional case studies are required to test suitable drought/wetness indicators. Formidable test beds are China and Europe at the eastern and western boundaries of the Eurasian continent: China with its exposure to highly complex atmospheric circulation regimes affected by the monsoonal systems and mid-latitude disturbances, Siberia and the Himalayan mountains and Europe at the sensitive tale end of the North Atlantic stormtrack. Thus, it is not surprising that these are regions, which suffer wet or dry spells causing serious water shortage or extreme floods. Such extreme events have been reported for the Yangtze and other watersheds in China, which attracted attention because of the severity and damages. These phenomena initiated our study and co-operation to search for their potential of prediction by analyzing the recent history, identifying possible mechanisms, and evaluating the anticipated skill. Here the 
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Isabella BORDI et al : Dry and wet periods in Eastern China 57 emphasis lies on the longer time scales involved. At first glance, the processes are governed by different time scales: the extended dry or wet periods are associated with long-term variability, whereas floods are triggered by the short term and intensive event of a single or a fast sequence of frontal or convective complexes. However, when the long-term behavior is considered, the two climate extremes may be a realization of a common underlying mechanism. Here we extend and complement studies on eastern China dryness and wetness [4] [5] [6] , which describe low frequency variability and abrupt changes during the last five hundred and thousand years exploiting qualitative historical data. The last fifty years of instrumental precipitation records for nine watersheds are analyzed using the Standardized Precipitation Index [3, [7] [8] [9] [10] . The SPI characterizes the water deficit and surplus by the precipitation field alone. It can be easily computed, and, as the index is standardized, it is also suitable for comparing different regions [11] . Thus, the SPI is a useful tool to be established operationally as part of a drought watch system to monitor dryness and wetness. The paper is organized as follows. Section 2 describes the data analyzed and the methods applied; section 3 analyses the space-time variability of the watersheds. An outlook on Yangtze basin (internal variability and potential predictability of dryness and wetness) follows in section 4, while conclusions are in section 5.
Data and methods of analysis
Periods of wetness and dryness are characterized by an index, which depends only on the monthly mean precipitation recorded at single stations. The 160 stations in China, from 1951 to 2000, are chosen because of their record length and the lack of missing values (see Fig. 1a for their location). The analysis is focussed on the monthly mean precipitation time series of nine watersheds in central-eastern China (based on 16, 10, 7, 28, 7, 45, 5, 4, 14 stations, respectively).
The river basins are numbered from north to south: (1) Heilongjiang, (2) Liaohe, (3) Haihe, (4) Huanghe(Yellow River), (5) Huaihe, (6) Yangtze River, (7) Qiantangjiang, (8) Minjiang, and (9) Zhujiang Rivers. The location of the nine main river basins is shown in Fig. 1b . All time series are subjected to the following analysis.
Standardized Precipitation Index (SPI):
The SPI is defined to describe periods of dryness and wetness. It is based on time series of monthly precipitation cumulated over a given period (time scale ranging from weeks to years). It assumes that the empirical distribution of precipitation frequency for the selected time scale and for a given month of the year follows a Gamma probability density function. Then an equal probability transformation from a Gamma to a Normal distribution is applied. Thus, the SPI is the number of standard deviations that precipitation deviates from the mean [8] [9] . The mapping into a normal distribution allows assessing dry and wet periods at the same strength, and, most importantly, enables to compare climatic conditions occurring in different areas with different hydrological regimes. Since the SPI is computed for finite time scales, the various kinds of droughts, such as meteorological, agricultural or hydrological, occurring on multiple time scales, may be monitored [11] . A window length of 24 months has been proven as a suitable time scale (SPI-24), which captures the low frequency variability avoiding an explicit annual cycle. Note that short-time windows are not the focus of this analysis as we are primarily interested to the long-term aspect of dryness and wetness. According to the classification of the index values a level crossing at SPI = +/-2 indicates transition to extreme wetness/dryness [3] .
Fig.1 Location of stations (160) in China (a) and the nine watersheds (b) in Central-Eastern China
Principal component analysis and power spectra: The patterns of covariability of SPI for different stations are determined by principal component analysis (PCA), which reduces the data to generate a set of linearly independent spatial patterns (loadings). They display spatial variability by spatial modes or patterns, which describe the statistical correlation between the SPI-series and the corresponding score (principal component or PC time series). These patterns are ordered with respect to their contribution to the total space-time variability (in percent; see [3, 12] ). Moreover, it may be useful to rotate the loadings in a way that the resulting ones are more spatially localised, i.e. the rotated loadings have high correlation with a smaller set of spatial variables and little correlation with the remained variables. In the present study this technique will allow to find areas within the region that have rather independent climatic variability. Here, only orthogonal rotations are considered and they are computed according to the VARIMAX criterion [12] . Of course, each rotated pattern will not explain the same variance as the unrotated one, although the total variance explained remains unchanged. To identify time variability, the scores (PCs) are subjected to power spectrum analysis to identify their behaviour in the frequency domain [13] : Spectral peaks and gaps characterise distinct periodicities while power-law scaling in a sufficiently wide frequency band may indicate long-term memory effects.
Eastern China watersheds: space-time variability
By applying the PCA to the SPI-24 computed for the nine watersheds we obtain the following results: (1) The first four watershed loadings explain about 80.6% of the total variance (Tab. 1) compared with 35.5% cumulative variance explained by the first four loadings of China stations [14] . PC-1 and PC-2 explain about the same amount of variance and the same occurs for PC-3 and PC-4 (we try to solve this problem later on in the analysis).The corresponding PC scores (Fig. 2) vary similar to those obtained for the whole China SPI-24 (not shown) with correlation coefficients of 0.84, 0.87, 0.59, 0.86. Inspection of loading values (Tab. 2) suggests that SPI time series in basins 2-5 are highly correlated with PC-1 (the negative trend characterises these basins, in particular basin 3 and 4), those of basins 6-8 are highly correlated with PC-2, while basin 9 shows high anti-correlation with PC-3. Only SPI time series in basin 1 is highly correlated with PC-4. The PC-4 time series shows a "singular" behaviour raising some doubt on the quality of precipitation time series. Furthermore, the fourth loading suggests that the feature that characterises basins 1 is not in common with any other basin. Thus, we decide to omit basin 1 from the analysis. (ii) Omitting basin 1, which is sufficiently well represented by PC-4, the cumulative variance explained by the first three loadings (Tab. 3) is, as expected, reduced to about 76%. On the other hand, the variances explained by loadings are higher and, more importantly, they are not so close to one another compared to the previous case. The loading values and the corre- are explained by the same score Orth-3). These three areas contribute to about 76% of the total variance of the eight watersheds considered. Power spectrum: The power spectra of the first three PC scores of the VARIMAX rotated loadings are documented in Fig. 5 . A broad band peak is found in all the three spectra centered around 3.7-4.0 year suggesting a link with the El Niño/Southern Oscillation (ENSO) phenomenon. At 95% confidence level, the power spectrum of Orth-1 has statistical significant peaks at 5.3, 3.7 and 2.8 year, Orth-2 at 3.7 and Orth-3 at 6.9, 4.0 year. Considering the 95% confidence interval on a single spectral line, also other peaks might be statistical significant such as 9.6 year in Orth-1 or 9.6 and 2.4 year in Orth-2. Each spectral band consists of all significant frequencies, which contribute to the statistically significant peaks. It must be pointed out that the trend detected in Orth-1, which seems to be linear, is possibly related to the long periods (say 48 and 24 year, see the raising in the power spectrum approaching zero frequency), although their statistical significance cannot be ascertained due to the short time series available. Periodicities, similar to those unveiled, have also been found in the SPI computation for Europe based on NCEP/NCAR re-analysis data [3] . Furthermore, they are surprisingly close to those found for other regions analysed in some detail [15] even if they explain different percentages of spectral variance. Since dryness and wetness seem to be characterised by the periodicities outlined above, a simple method to predict the occurrence of these climatic phenomena is that based on the forward extrapolation of the periodic components present in the signals. As an example we analyse the Yangtze watershed considering the region 100ºE < lon < 124ºE and 26ºN < lat < 33ºN near the Yangtze River. Internal variability: There are 28 stations for the eastern part and 20 for the western one (we set the line separating east and west part at lon=110E). It must be noted that this is merely a qualitative analysis, because we analyse a spatially inhomogeneous station distribution and there is a different number of stations for the two sub-regions. Again, the basis is the principal component analysis, which is applied to the SPI-24 station time series, before single station predictability analysis is performed. The following results are obtained from PCA: (i) The first loading for the eastern Yangtze (see Tab 6) , that explains 38.4% of the total variance, shows anti-correlation in the whole domain with the corresponding score (Fig. 6 upper panel) . The first principal component score is close to the PC-1 obtained for eastern China [14] (correlation coefficient 0.7), but has also anti-correlation with PC-2 of eastern China (correlation coefficient -0.6).
(ii) The first loading for western Yangtze (see Tab. 6) explains 18.8% of the total variance and the corresponding score is shown in Fig. 6 (lower panel) . PC-1 is very close to that obtained for PC-2 for eastern China (correlation coefficient 0.6). Thus, the climatic conditions of eastern and estern Yangtze are not fully separable. The conclusion is the same if we apply a VARIMAX rotation to the principal components of the whole Yangtze region. Potential predictability: We use the results above for selecting sample stations in the two sub-regions that are well anti-correlated/correlated (-0.7/0.7) with the corresponding first loading. Fig. 7 . The method seems to provide a good result, keeping in mind that only a predictability of the envelop of the index is expected, which leaves the high frequencies fluctuations unresolved [14, 16] . Tab 
Conclusion
The analysis proposed here extends and complements previous studies based on long time series of precipitation data of eastern China [4] [5] 16] , which revealed multidecadal to centennial variations and show that, when a dry condition was observed in southern China, a wet situation was found in the northern part and vice versa. The last fifty years of observed precipitation records for the nine most important watersheds are subjected to the SPI analysis to provide an objective assessment of dryness and wetness on a biennial time-scale. Results suggest that the SPI-24 low-frequency variability of watersheds is well described by that of three main areas: basins 2-4 (regions around the Yellow river), 6-8 (regions nearby the Yangtze river) and 5/9 (in fact basins 5 and 9 are explained by the same score Orth-3). These three areas contribute to about 76% of the total variance of the eight watersheds considered. Furthermore, the PCA of the SPI time series shows that, beginning with the seventies, the northern side of the eastern China (i.e. basins 2-4) is experiencing more frequently drought events due to the presence of a negative trend in the SPI series. This may be probably associated with long-term periodicities, whose statistical significance cannot be ascertained, because of the short time series available. Other periods contribute to the power spectrum variance spanning from 3 to 9 year. It should be mentioned that similar frequencies occur in Europe employing SPI analysis to NCEP/NCAR data and rain gauge observations in the Sicily-Elbe regions.
An analysis focused on the regions nearby the Yangtze River, suggests that the long-term variability of eastern and western Yangtze, even if there are differences between the two sub-regions, is not fully separable. We use this result to select two stations, characteristic of the eastern and western sub-regions, for testing the potential predictability of dryness and wetness extrapolating forward the periodic components present in the stations SPI series. Results provide good changes for long-term "forecast" and useful resources for the design of a more rigorous statistical forecast model for dry and wet occurrences.
